The aim of the present study is to compare the effect of 20% mannitol and 3% NaCl on blood coagulation in vitro using rotational thromboelastometry (ROTEM).
Introduction

M
annitol and hypertonic saline (HS) are commonly used to reduce brain oedema and intracranial pressure and to minimise brain volume in neurosurgical practise (1) . Mannitol is recommended as a first-choice hyperosmotic agent (2) . However, clinical trials in recent years have shown that HS is at least as effective as, if not better than, mannitol in the treatment of intracranial hypertension (3, 4) . Twenty per cent mannitol (1,098 mOsm L -1 ) and 3% HS (1,024 mOsm L -1 ) are commonly used hyperosmotic fluids in our clinic, and many centres have found almost the same osmolarity at the same volume (5) . Previous in vitro and clinical studies demonstrated that both fluids cause coagulation impairment (clot strength, disturbs fibrin formation and platelet function) and that the degree of coagulopathy increases linearly with the amount of fluid used (6, 7) . However, the studies evaluated these hypertonic solutions separately and not with each other. In the literature, only one study has compared the effect of mannitol and HS on coagulation (1). Luostarinen et al. (1) investigated the effects of both fluids at doses higher than used intraoperatively and did not consider the effects of colloid addition. In cranial surgeries, mannitol 1 gr kg -1 (or less) and equivalent HS is used as an anti-oedematous therapy. Colloid use can be necessary during neurosurgery because of bleeding and hypotension. Rapidly degradable hydroxyethyl starch solutions (HES 130/0.4) also have negative effects on coagulation (8) . In the present study, we simulated giving 5 mL kg -1 (1 gr kg -1 ) 20% mannitol and 3% HS to a healthy 70-80 kg patient in an in vitro environment for the first time.
The primary aim of the present study was to compare the effect of 20% mannitol with 3% HS on blood coagulation in vitro using rotational thromboelastometry (ROTEM). Additionally, we investigated the effect of adding HES 130/0.4 to these hypertonic solutions on blood coagulation.
Methods
Ethical approval for this study (Ethics Committee No. 2014/1619) was provided by the Ethic Committee on 24 October 2014. The trial was conducted in accordance with guidelines of the Helsinki Declaration on Human Subjects and was registered at anzctr.org.au (ACTRN12615000005550). Written informed consent was obtained from all volunteers. Forty healthy volunteers aged between 18 and 65 years were evaluated for inclusion in the study. Twenty-eight appropriate volunteers were found, and of these 28, 15 were chosen using closed-envelope selection. Inclusion criteria for the study were no history of chronic or acute diseases (e.g. coagulation disorder, renal or hepatic failure); no intake of any medication, in particular acetylsalicylic acid or nonsteroidal anti-inflammatory agents within 1 week of the study; no alcohol or drug abuse and smoking; and haematocrit (Hct), activated partial thromboplastin time (aPTT), international normalised ratio (INR) and platelet values within the normal range ( Figure 1 ). The demographic characteristics of the volunteers who were included in the study were recorded. 
Randomisation and blinding Blood samples were taken from 15 volunteers by the first researcher in a random order that was determined in a draw. Test solutions were added to the blood samples by the first researcher and the samples were coded. The second researcher made the thromboelastometric analysis, but he/she did not know to which group and volunteer the blood samples belonged. At the end of the research, the two researchers compared their data.
Trial method
Twenty-millilitre blood samples were obtained from an antecubital vein using an 18-G venous cannula (Vasofix TM , B. Braun, Melsungen, Germany) from each participant. Four-millilitre blood samples were separated for each group. In each group, 2 mL of blood was collected into polypropylene tubes (Vacuette, Greiner Bio-one, Austria) containing 3.2% buffered citrate, giving a volume ratio of 1:10 for ROTEM analysis, and 2 mL blood was collected into EDTA tubes containing 1.2 mg anhydrous EDTA per 1 mL blood (Vacuette, Greiner Bio-one, Austria) for haemogram analysis. Transferpette® (BRAND, Wertheim, Germany) Single-channel microliter, electronic pipette was used to make the mixtures. Immediately after sampling, all blood samples were diluted with the test solutions ( Figure 2 ). In the present study, the groups were created by simulating giving 375 cc 20% mannitol (1 gr kg -1 ) or 375 cc 3% NaCl or/and 500 cc HES to a 75 kg adult patient. The total blood volume was considered as 5,250 mL (75 mL kg -1 ). Accordingly, the groups were assigned as follows:
• Group C (control): only blood Thromboelastometric coagulation analysis was performed within 2 h of blood withdrawal (ROTEM; Pentapharm Co., Munich, Germany) in a random order for all samples.
The following tests were performed in accordance with the manufacturer's instructions: intrinsic activation by tissue factor (InTEM), extrinsic activation by tissue factor (ExTEM) and extrinsic activation by tissue factor (FibTEM) with the addition of cytochalasin D to inhibit platelet function and display fibrin polymerisation only. Coagulation was allowed to proceed for 30 min. The following thromboelastometric parameters were measured automatically: clotting time (CT) and clot formation time (CFT) with InTEM; CT, CFT and maximum clot firmness (MCF) with ExTEM and MCF with FibTEM. Moreover, the samples in the EDTA tubes were mixed with the test solutions, and haemoglobin (Hb) concentration, haematocrit value (Hct) and platelet count (Pc) were determined for each group using a Cell-Dyn 610 Hematology Analyzer (Sequoia-Turner Corporation, Mountain View, CA, USA).
Statistical analysis
Previous studies showed that whole-blood coagulation disorder induced by mannitol and HS is mainly dependent on the final fibrinogen-fibrin interaction (1). Therefore, our primary outcome was the comparison of the effects of mannitol and HS on FibTEM MCF values. The number of volunteers was based on earlier data (9) . In a crossover study, at least 12 volunteers would be needed to discover greater than 1 standard deviation (SD) difference in FibTEM MCF between the HS and mannitol groups with an α error of 0.05 and power of 80%. We also made a post hoc analysis according to the FibTEM MCF values (12.1±2.3 for the mannitol and 14.7±2 for HS groups); our study power was 89% with α error of 0.05. Sample size analysis was made using G Power version 3. 
Results
Nine male and six female volunteers were enrolled in the study. there was a significant decrease in Hb, Hct and Pc values compared with baseline values (Group C) because of the haemodilution (Table 1) .
Intrinsic and extrinsic coagulation pathways data
Computed tomography and CFT values were similar in all groups measured using InTEM (p>0.05). The CT value was only found higher in group M/H than in group C measured using ExTEM; the difference was significant (p=0.02). Median and percentiles (25%-75%) for CFT values measured 
Platelet function and fibrinogen--fibrin interaction data
Maximum clot firmness values measured using ExTEM in groups M/H and HS/H were significantly lower than in the control group (Figure 4) . MCF values measured using FibTEM were determined to be significantly less in groups M, HS, M/H and HS/H than in the control group (per cent less than the control: 30%, 13%, 50% and 46%, respectively) ( Figure 4) . Also, the MCF FibTEM value was significantly lower in group M than in group HS (p=0.026). The numbers of the cases of abnormal values in all groups are specified in Table 2 . 
Discussion
The present study showed that:
• 20% mannitol, 3% HS and the combination with HES impairs blood coagulation in vitro,
• fluids mostly affected the fibrinogen--fibrin interaction and,
• 3% HS with 7% vol hemodilution has no significant effect on intrinsic and extrinsic coagulation pathways and impairs fibrinogen--fibrin interaction less than 20% mannitol with 7% vol hemodilution in vitro.
Traditional laboratory coagulation tests (e.g. Pc, prothrombin time, aPTT) are not enough to determine coagulation disorders (10) . Contrary to this, ROTEM analysis as a pointof-care test can evaluate the nature of coagulation disturbance in whole-blood samples. In the present study, three different activators (InTEM, ExTEM and FibTEM) were used to examine the intrinsic and extrinsic coagulation pathways, platelet function and fibrinogen--fibrin interaction. Previous studies showed that HES, 20% mannitol and 3% HS caused coagulation impairment (7, 11, 12) . When we searched the literature, we found two deficiencies:
• Previous studies investigated 10% and more dilutions of blood using 20% mannitol and 3% HS in separate studies. In the intraoperative period, maximum 1 gr kg -1 mannitol or equivalent 3% HS is used, and this dose creates dilutions of 7% and less.
• Only one study compared mannitol and HS in vitro together. However, Luostarinen et al.
(1) simulated higher doses than would normally be used for anti-oedematous therapy in the intraoperative period.
In the present study, we have shown that the combination of 20% mannitol and 3% HS does not affect the intrinsic coagulation pathway at doses used intraoperatively for anti-oedematous therapy according to data obtained from the InTEM analysis. In the extrinsic coagulation pathway, which we examined using ExTEM, we found that 20% mannitol significantly decreased CFT values compared with the control group. There was no significant difference between 3% HS and 20% mannitol, but we observed that 3% HS had a slight effect on the extrinsic coagulation pathway. Additionally, adding HES to this fluid severely increased the negative impact on the extrinsic coagulation pathway by increasing hemodilution. In previous studies, no InTEM analysis has been performed but data gained using ExTEM analysis were similar to that in the present study (1, 6, 13) . We found disruption of platelet function only when mannitol or HS was combined with HES solution.
We also determined that our study solutions had main effects on the fibrinogen--fibrin interaction. We observed that the negative effect of 3% HS on functional fibrinogen--fibrin interaction was less than with 20% mannitol. All of the fluids that we have used in the study impair coagulation, depending on their molecular properties (especially the high osmolarity) and through haemodilution (12) . These results indicated that whole-blood coagulation disorder induced by mannitol and HS is mainly dependent on the final fibrinogen--fibrin interaction, which results in a fibrin-poor clot. Also, HES solutions impair fibrinogen--fibrin interaction in vitro (9) . According to that, mannitol or HS in combination with HES in vitro induces more whole-blood coagulation disorder. This complicates the control of intraoperative bleeding and increases the risk of postoperative haematoma. In previous studies, no difference was found between the anti-oedematous effects of 20% mannitol and 3% HS (3, 4) . For that reason, any one of these hypertonic fluids can be used depending on the choice of the physician. Our study is the first to compare the effects of these two fluids on coagulation at doses used in the intraoperative period. According to the data of this study, 3% HS caused less blood coagulation disorder.
Similar to our study, Luostarinen et al. (1) showed that HS is more problematic than mannitol with respect to coagulation. This study also showed that the use of 3% HS could be a better choice in patients with abnormal bleeding tendency and/or patients who are under a high risk of bleeding surgery. Synthetic colloids could be used in patients with severe bleeding. Our study results support that HES combined with HS is safer than HES combined with mannitol. When we compared the data of our study with other studies that used much higher doses, the amount of hyperosmolar fluid is proportional to the severity of blood coagulation disorder (1, 6, 10, 13).
Study limitations
In vitro studies provide for better standardisation. However, we can only show the effects of mannitol and HS on coagulation that occurs immediately after administration. The administration of mannitol or HS is associated with fluid shifts between different compartments of the body, drawing water from the intracellular compartment into the intravascular compartment and promoting diuresis. This study does not take into account this dynamic process. Because of that, the present study should be supported by clinical trials.
Conclusion
Our results indicate that 3% HS is more suitable than 20% mannitol during cranial surgery in terms of coagulation. Especially for surgeries in which severe bleeding is expected (e.g. intracranial haemangioma, large tumours and tumours associated with vessels), we recommend using 3% HS as an anti-oedematous therapy and, if possible, to decrease the amount of hyperosmotic fluid. Moreover, we should keep in mind that HES used with mannitol or 3% HS may cause more severe coagulation problems.
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